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(57) ABSTRACT 

The invention relates to a medical device and a method of 
using it. The device is a stent which can be percutaneously 
deliverable with (or on) an endovascular catheter or via other 
Surgical or other techniques and then expanded. The stent is 
configured to have a central portion defined by “open cells 
and at least two end portions, defined by “closed cells, 
spaced apart and directly connected to the distal and proximal 
ends of the central portion of the stent. The stent may also 
optionally have a covering or a lattice with openings. 
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STENT 

CROSS-REFERENCE TO ARELATED 
APPLICATION 

0001. This application claims the priority benefit under 35 
U.S.C. S 119(e) of U.S. Provisional Application No. 61/433, 
069 filed on Jan. 14, 2011 and U.S. Provisional Application 
No. 61/523,115 filed on Aug. 12, 2011, the content of which 
is incorporated herein in its entirety. 

FIELD OF THE INVENTION 

0002 The invention relates generally to medical implants 
for Supporting, maintaining, or repairing a lumen, passage 
way or opening in a living body and to methods of using them. 
In particular, the invention relates to medical devices that are 
designed to be inserted endoluminally into a body. 

BACKGROUND OF THE INVENTION 

0003 Medical stents are generally known. One use for 
medical stents is to expand a body lumen, such as a blood 
vessel, which has contracted in diameter through, for 
example, the effects of lesions called atheroma or the occur 
rence of cancerous tumors. Atheroma refers to lesions within 
arteries that include plaque accumulations that can obstruct 
blood flow through the vessel. Over time, the plaque can 
increase in size and thickness and can eventually lead to 
clinically significant narrowing of the artery, or even com 
plete occlusion. When expanded against the body lumen, 
which has contracted in diameter, the medical stents provide 
a tube-like support structure inside the body lumen. Stents, in 
combination with coverings, also can be used for the endo 
vascular repair of aneurysms, an abnormal widening or bal 
looning of a portion of a body lumen which can be related to 
weakness in the wall of the body lumen. Various stent designs 
are known in the art. Stents typically are tubular, and are 
expandable or self-expand from a relatively small diameter to 
a larger diameter. 

SUMMARY OF THE INVENTION 

0004 Devices according to this application are suitable 
for implantation into various body vessels or openings, such 
as the carotid artery. 
0005 One exemplary device is a stent having a body with 
distal and proximal ends and defines a central lumen along a 
longitudinal axis. The body has an insertion configuration 
with a reduced profile, and a deployed configuration with an 
enlarged profile greater than the insertion profile. The body 
includes spaced apart, undulating circumferential members, 
as well as an undulating helical element. The helical element 
extends helically about the longitudinal axis, and is axially 
interposed between and directly connected to the circumfer 
ential members. The helical element defines open cells, while 
the circumferential members define closed cells. 
0006 Another exemplary device is a stent having distal 
and proximal ends, and defining a central lumen along a 
longitudinal axis. The stent has an insertion configuration 
with a reduced profile and a deployed configuration with an 
enlarged profile greater than the reduced profile. The stent has 
several portions. To define a closed cell structure, the stent has 
a plurality of spaced apart, undulating circumferential mem 
bers with one undulating helical turn and one or more undu 
lating circumferential rings. To define an open cell structure, 
the stent also has a helical element extending along the lon 
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gitudinal axis axially interposed between the undulating cir 
cumferential members with a plurality of helical turns. The 
undulating helical turn of the circumferential member is 
directly connected to the helical body. Together, the undulat 
ing helical turn and the helical body defined a uniform apex 
geometry. 
0007 Another exemplary device is a stent having distal 
and proximal ends and defining a central lumen along alon 
gitudinal axis. The stent has an insertion configuration with a 
reduced profile and a deployed configuration with an enlarged 
profile greater than the reduced profile. The stent has a plu 
rality of spaced apart, undulating circumferential members 
having one undulating helical turn and one or more undulat 
ing circumferential rings that define a closed cell structure, 
and a helical element extending along the longitudinal axis 
axially and interposed between the undulating circumferen 
tial members. The helical element has one helical turn or less 
than one helical turn, such as a portion of a helical turn, that 
define an open cell structure. The undulating helical turn of 
the circumferential member is directly connected to the heli 
cal body. Together, the undulating helical turn and the helical 
body defined a uniform apex geometry. 
0008. Yet another exemplary device is an endovascular 
prosthesis with a stent. The prosthesis has a lattice, which 
defines a plurality of openings. The lattice has at least two 
continuous longitudinal segments, and at least two continu 
ous circumferential segments. The longitudinal segments are 
Substantially parallel to a longitudinal axis of the prosthesis. 
The circumferential segments are oriented at an angle of 
between about 45° and about 90° with respect to the longitu 
dinal axis. 

0009. Yet still another exemplary device is an endovascu 
lar prosthesis having alumen defining alongitudinal axis. The 
prosthesis has a stent having a framework of struts including 
a plurality of longitudinal connectors. The prosthesis also has 
a polymeric lattice that defines a plurality of openings. The 
lattice has a plurality of continuous longitudinal segments 
that extend in a direction that is substantially parallel to the 
longitudinal axis of the stent. In addition, the lattice also has 
a plurality of continuous circumferential segments at an angle 
with respect to the longitudinal axis of the stent. At least a 
portion of the longitudinal segments is aligned with and 
affixed to the longitudinal connectors of the stent. 
0010. The devices described herein have various uses. An 
exemplary use is in a method of treating Stenosis in a carotid 
artery. For example, the device is a stent with an insertion 
configuration with a reduced profile and a deployed configu 
ration with an enlarged profile greater than the insertion pro 
file. The stent also has a plurality of spaced apart, undulating 
circumferential members, and an undulating helical element 
extending helically about the longitudinal axis. The undulat 
ing helical element is axially interposed between and directly 
connected to the circumferential members. The undulating 
helical element defines a plurality of open cells. The circum 
ferential member defines a plurality of closed cells. This stent 
is inserted into the vasculature of the patient. The stent is then 
positioned and deployed within the carotid artery. 
0011 Numerous variations and modifications of these 
exemplary stents, prostheses and methods of using them are 
contemplated. Additional features and advantages of the 
invention will be set forth in the description or can be learned 
by practice of the invention. These features and other advan 
tages of the invention will be realized and attained by the 
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structure particularly pointed out in the written description 
and claims hereofas well as the appended drawings. 
0012. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory, and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The accompanying drawings are included to pro 
vide a further understanding of the invention, and are incor 
porated in and constitute a part of this specification, illustrate 
embodiments of the invention, and together with the descrip 
tion serve to explain the principles of the invention. 
0014. In the drawings: 
0015 FIG. 1 is a perspective view of a stent with eleven 
distal and eleven proximal facing apices per circumferential 
turn; 
0016 FIGS. 2A and 2B are plan views of a stent (full 
circumference shown), which illustrates an interrelationship 
between the circumferential members and the helical element 
(5 helical turns—FIG. 2A, and 8 helical turns—FIG. 2B); 
0017 FIG. 3A is a partial plan view of a stent (full circum 
ference shown) showing an apex geometry between the api 
ces in the helical turn and the circumferential ring of the 
circumferential member and the interrelationship between 
the open- and closed-cell configuration at one end. 
0018 FIG. 3B is a partial plan view of a stent (full circum 
ference shown) showing an apex geometry between the api 
ces in the helical turn and the circumferential ring of the 
circumferential member and an interrelationship between the 
open- and closed-cell lattices at the opposite end as that 
shown in FIG. 3A; 
0019 FIG. 3C is plan view of a stent (full circumference 
shown), which illustrates a relationship between a circumfer 
ential ring and a helical turn of the circumferential member of 
a Stent; 
0020 FIG. 4A is a partial plan view of a stent, which 
illustrates geometry of undulating helical turns without axial 
connectors between adjacent undulations; 
0021 FIG. 4B is a partial plan view of a stent, which 
illustrates geometry of undulating helical turns with axial 
connectors between adjacent undulations; 
0022 FIG. 4C is a partial plan view of a notch connection 
made between the last strut of the last apex in the helical turn 
of the circumferential member and the apex of the adjacent 
circumferential ring; 
0023 FIG. 5 is a plan view of a stent (full circumference 
shown) with several circumferential rings in a circumferential 
member; 
0024 FIGS. 6A-6B are plan views of a stent (full circum 
ference shown), which illustrates an interrelationship 
between circumferential members and a helical element of 
different length in a stent with eleven distal and eleven proxi 
mal facing apices per turn; 
0025 FIG. 7A is a plan view of the stent (full circumfer 
ence shown) illustrated in FIG. 2A with a square-shaped 
lattice covering; 
0026 FIG. 7B is a close-up view of the stent illustrated in 
FIG. 7A: 
0027 FIG.7C is a plan view of the stent (full circumfer 
ence shown) illustrated in FIG. 2A with a diamond-shaped 
lattice covering; 
0028 FIG. 8A is a full view of a stent with a square-shaped 
lattice covering; 
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0029 FIG.8B is a close-up view of a stent at one of its ends 
with a square shape lattice; 
0030 FIG. 8C is a close-up view of a stent at one of its ends 
with a diamond shape lattice; 
0031 FIG. 9 is a plan view of a stent; 
0032 FIG. 10 is a full view of a delivery system: 
0033 FIG. 11A is a partial close-up view of a lattice prior 
to a micro-catheter advancing through a lattice opening; 
0034 FIG. 11B is a partial close-up view of a lattice as a 
micro-catheter is advanced through a lattice opening; 
0035 FIG. 11C is a partial close-up view of a lattice after 
a micro-catheter is advanced through a lattice opening; 
0036 FIG. 12A is a partial close-up of a lattice; 
0037 FIG. 12B is a partial close-up of a lattice: 
0038 FIG. 12C is a partial close-up of the lattice of 12B 
applied to the lattice of 12A; 
0039 FIG. 12D is a partial close-up of the lattice openings 
in the lattice of FIG. 12C. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

0040. A stent is a device adapted to be inserted into a body 
and then deployed within the body, such as the carotid artery. 
A stent has a framework of Struts or relatively rigid sections. 
Most generally, stents assist in structurally Supporting the 
host vessel lumen, maintaining patency through the vessel, 
passageway or opening, repairing vessels having an intimal 
flap or dissection, or isolating sections of a host vessel lumen, 
Such as aneurysms. 
0041 Stents can be formed from either an elastic or 
springy material that will self-expand in place following 
placement or a plastically deformable material that is 
expanded in place using a balloon or similar device. For 
example, a sheath can compress the stent so that it can be 
inserted into a patient, and removal of the compressive force 
applied by the sheath (such as by retracting the sheath) allows 
the stent to self-expend for deployment. Likewise, the stents 
can also be configured to have a covering, to be a permanent 
implant, or to erode/resorb over time, and/or to have a sub 
strate for elution of drugs. 
0042. In most general terms, the stent has an insertion 
configuration with a reduced profile that permits intraluminal 
or endoluminal delivery of the stent into a vessel lumen, and 
a deployed configuration with an enlarged profile greater than 
the insertion profile that provides structural support for the 
vessel. For example, a stent has a tubular body capable of 
self-expanding from a reduced diameter insertion configura 
tion to an enlarged diameter deployed configuration at, for 
example, a temperature of about 10°C., about 20°C., or about 
34°C. The reduced and enlarged profiles can include various 
shapes, including circular profiles and non-circular profiles 
(such as ovals, for example). 
0043. The length of the stent remains relatively constantas 
the stent transforms from the insertion configuration to the 
deployed configuration; it does not substantially foreshorten. 
The overall length of the stent in the deployed configuration is 
within, for example, +10%, +5%, +4%, or +2% of the length 
of the stent in the insertion configuration. It is possible, how 
ever, to design a stent in accordance with this disclosure that 
does foreshorten by more than 10% if that is deemed desir 
able. 
0044) When the stent is cylindrical, the reduced and 
enlarged profiles can be generally circular. In that instance, 
the stent body has a first diameter (d1) in the deployed con 
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figuration, and a second diameter (d2) in the insertion con 
figuration. A ratio of the first diameter to the second diameter 
(d1:d2) can be greater than about 2:1, between 3.6:1 and 10:1, 
or between 4:1 and 7:1. 
0045. The illustrated stents have circumferential members 
and helical elements that have undulations. The undulations 
are formed by struts interconnected at bends or apices of the 
stent body, and arranged into wave-like configurations. The 
undulations can form various patterns, such as sinusoidal 
patterns, ZigZag patterns or similar geometric patterns. The 
undulations of the helical element can form a series of rows or 
turns along the length of the stent body. 
0046. In addition, connectors extend between portions of 
the circumferential members and portions of the helical ele 
ments, or between various portions of the helical elements. 
Peaks are formed where a connector extends outwardly from 
an apex. Valleys are formed where a connector extends into an 
apex. 
0047 Most generally, the stents described herein have a 
closed cell portion and an open cell portion. Connections 
between longitudinally adjacent portions of the stent body 
define the open and closed cells. In the portion of the stent 
with open cells, there are intermittent regular connections (for 
example, connectors are provided at every second apex) or 
intermittent irregular connections (for example, connectors 
are provided at the first, third, seventh, tenth apex). That is, at 
least Some apices are not connected to longitudinally adjacent 
rows. In the portion of the stent with closed cells, there are 
regular connections between longitudinally adjacent rows. 
Each of the apices in a closed cell structure is connected to a 
longitudinally adjacent turn. 
0048. Due to its open cell portion with only intermittent 
connections between the undulations of each adjacent row, 
the Stent can have a relatively high degree of longitudinal 
flexibility before expansion. Such flexibility can permit 
advancement through torturous pathways of relatively small 
diameter. The open cell portion of the stent also can have a 
high degree of longitudinal flexibility after expansion. Such 
flexibility can provide a high degree of conformance with 
various vessel shapes. Finally, the stent can have enhanced 
crush-resistance and fatigue performance to maintain patency 
of the lumen into which it is implanted. 
0049. In its simplest form, the stent can have a single 
circumferential member (CM) that defines closed cell struc 
tures, and a single helical element (HE) that defines open cell 
structure as follows: 

0050 CM-HE 
0051. Other stents can have three portions. Circumferen 

tial members can be provided at the ends. Between these 
circumferential members is a generally helical element with a 
series of helical turns, as follows: 

0.052 CM-HE-CM 
0053 Alternatively, the stent can have more than three 
portions. For example, three circumferential members can be 
provided at the distal and proximal ends and also between 
those ends. These circumferential members are intercon 
nected via two generally helical elements with a series of 
helical turns: 

0054 CM-HE-CM-HE-CM 
0055. In each of these stents, the circumferential members 
and the helical elements are directly connected. A continuous 
pattern of undulations joins the circumferential member to 
the helical elements. For example, where the circumferential 
member has an undulating circumferential ring and a helical 
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turn attached to the ring, a continuous helical pattern is 
formed about the longitudinal axis between the helical ele 
ment and the helical turns of the circumferential members. 
There are no intermediate or transition stages between the 
helical element and the circumferential members. 

0056 Multiple stents can be joined together various ways 
to form, for example, a bifurcated stent device, or stent device 
with a side branch, or other complex structure. The stents can 
be joined together by one or more sutures, or polymeric or 
metallic hinges. The stents can be joined together by flexible 
polymeric connecting elements (polymeric webs) that con 
nect adjacent, spaced-apart stent elements (shown as a). For 
example, a prosthesis having the following stent structure can 
be formed by adhering a covering (described below) to join 
the end circumferential members to the central stent: 

0.058 Another option is to weld the multiple stents 
together. A further option is to assemble the stents endovas 
cularly in an overlapping fashion. 
0059 Various coverings can be provided on the interior or 
exterior surfaces of the stent or both. Such covered stents can 
be used to isolate cells, aneurysms, vessel wall defects, and 
the like. Suitable cover materials include bioabsorbable poly 
mer(such as polylactic acid, poly(trimethylene carbonate) or 
PGA/TMC), fluoropolymer (such as fluorinated ethylene 
propylene or FEP polytetrafluoroethylene or PTFE and 
expanded fluoropolymer, such as expanded polytetrafluoro 
ethylene or ePTFE), fluoroelastomer (for example, TFE/ 
PMVE copolymers), polyester (such as polyethylene tereph 
thalate or PET), polyethylene, polypropylene, polyurethane, 
metal mesh (Such as a woven or cut initinol sheet) silicone, etc. 
0060 Optionally, the cover material can form a lattice 
having a plurality of openings. Such a lattice covering can 
have various uses. For example, a lattice covered stent can 
provide plaque stabilization and Scaffolding, while simulta 
neously allowing perfusion of blood from the inner lumen of 
the stent if the openings are sized appropriately. This can be 
beneficial, for example, to perfuse side branch blood vessels. 
Alternatively, the relatively small lattice openings can be 
provided (for example about 40 or 50 um) to relieve pressure 
from weakened portions of a blood vessel (for example, to 
treat a cerebral aneurysm). The relatively small lattice open 
ings also can be useful for preventing encroachment of tissue 
from the patient into the inner lumen of the stent (for example, 
when the stent is placed near cancerous tissue), while still 
permitting side branch perfusion. 
0061 FIG. 1 depicts a self-expanding stent 100 with a 
cylindrical body 101. The stent can be made in various forms 
including various lengths and inside diameters. It can also be 
tapered along all or a portion of its length so that the inside 
diameter changes along the length. A tapered length section 
may be located closer to either end of the graft, or the taper 
may exist as a uniform, gradual taper extending between the 
graft ends. 
0062. A continuous pattern of undulations 106 forms a 
series of helical turns about the longitudinal axis 102. Those 
helical turns 121, 122 can form a substantially cylindrical, 
tubular helical element 120. Alternatively, the helical turns 
121, 122 can form a tapered, tubular helical element. 
0063. The helical turns 121, 122 have a number of apices 
123. These apices 123 are formed where two or more struts 
124 interconnect. The stent illustrated in FIG. 1 can be called 
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an eleven-apex stent, because it has eleven apices per circum 
ferential row facing in a single direction (either facing distally 
or proximally). 
0064. In FIG. 1, the helical element 120 is axially inter 
posed between and directly connected to the circumferential 
members 110 (p—proximal and d-distal). Each of the cir 
cumferential members 110p or 110d has one undulating heli 
cal turn 112p or 112d with a pattern of undulations 106 
connected to an undulating circumferential ring 111p or 111d 
with a pattern of undulations 107. The circumferential mem 
ber 110p or 110d and the helical body 120 meet at division 
103. 

0065. Within the stent, various connecting struts can be 
provided to contribute to longitudinal stability to the stent. 
For example, these connecting struts or connectors can join 
adjacent structures, turns or rows of the stent. In FIGS. 2A and 
2B, the undulations 106 and 107 in the stent body 101 form 
peaks 106 or 107 where a connector 118, 125 extends out 
wardly from an apex, and form valleys 106" where a connec 
tor 125 extends into an apex. 
0066. In FIGS. 3A and 3B, closed cell connectors 118 join 
the helical turn 112p or 112d and the circumferential ring 
111p or 111d formed by undulations 107 on the circumfer 
ential member 110p or 110d. Axial connectors 125 join adja 
cent undulations 106 of the helical element 120, and also join 
the helical turn 112p or 112d of the circumferential member 
110p or 110d and undulations 106 of the helical element 120 
(connections between 112p–121p, 121p–122. . . 122-121d, 
and 121d-112d). 
0067. In FIG.3C, the lengths of closed cell connectors 118 
vary. As depicted, the lengths of the closed cell connectors 
118 can increase uniformly along a circumferential direction 
of the stent from the closed cell connector 118 at region C, 
which can have lengths of about 0.3 mm to about 3.0 mm, and 
a width about the same as the width of the axial connector 125 
(see Table 1). On the other hand, the closed cell connector 118 
at region Acan have the same or Substantially the same length 
as the amplitude B of each undulation 107 in the helical turn 
112p of the circumferential member 110p. Region E defines 
a notch 119 as shown in FIG. 3A. If it deemed desirable, the 
lengths of the closed cell connectors 118 can adjusted so that 
one or more of the circumferential rings 111p (or 111d as 
shown in FIG. 3B) at the end of the stent define a plane 
orthogonal to the longitudinal axis. 
0068. The closed cell connectors 118 and axial connectors 
125 of FIGS. 3A and 3B, are depicted extending substantially 
parallel to the longitudinal axis 102 of the stent body 101. 
However, the closed cell connectors 118, axial connectors 
125, or both need not be parallel to the longitudinal axis and 
can extend in a direction to the longitudinal axis at any angle 
(such as between about -90° and about 90° from the longi 
tudinal axis), or may not even be substantially straight. For 
example, the closed cell connectors 118 can extend Substan 
tially parallel to the longitudinal axis 102, while the axial 
connectors 125 form an angle to the longitudinal axis 102 of 
the stent body 101. Alternatively, the axial connectors 125 can 
extend substantially parallel to the longitudinal axis 102, 
while the closed cell connectors 118 form an angle to the 
longitudinal axis 102 of the stent body 101. Further still, the 
closed cell connectors 118 can be bent, for example roughly 
in the shape of the letter V or can include one or more curved 
portions. 
0069. The circumferential members 110p and 110d have 
closed cells 104 in the Stent shown in FIGS. 3A and 3B. The 
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closed cells can have six sides or less. A side may be straight 
or have curvature. As depicted, some of the closed cells have 
a Substantially hexagonal shape, and others have a substan 
tially rhombic shape. Other shapes or combinations of shapes 
are possible such as various regular or irregular shapes. 
(0070. In FIGS. 3A and 3B, an undulating circumferential 
ring 111p or 111d of the circumferential member 110p or 
110d has a series of apices 114 in each undulation 107. An 
undulating helical turn 112p or 112d of the circumferential 
member 110p or 110d also has a series of apices 116 in each 
undulation 106. Closed cell connectors 118 extend between 
peaks 106" of the undulating helical turn 112p or 112d and 
peaks 107" of the adjacent undulating circumferential ring 
111p or 111d at the proximal and distal ends of the stent 100, 
respectively. Alternatively, the closed cell connectors 118 
within the undulating circumferential members 110p and 
110d can extend from a valley to a valley, from a peak to a 
Valley, or from a valley to a peak. 
(0071. The stent of FIGS. 3A and 3B also has open cells 
105. The open cells 105 can have seven sides or more. Axial 
connectors 125 extend intermittently between longitudinally 
adjacent turns of the undulating helical element 120. These 
axial connectors 125 join pairs undulations 106 on the adja 
cent turns 112p–121p, 121p–122. . . 122-121d, and 121d 
112d. The shape of the open cells depicted in these figures is 
exemplary. Likewise, the open cells shown in FIGS. 3A and 
3B are defined by regular, intermittent axial connectors 125. 
Alternatively, the open cells can be formed by irregular, inter 
mittent axial connectors. 

0072 FIGS. 3A and 3B further illustrate direct connec 
tions between the helical element 120 and the circumferential 
members 110p and 110d. The undulating helical element 120 
has a series of helical turns 121p, 121d, 122, etc about the 
longitudinal axis 102. The circumferential member 110p or 
110d also has an undulating helical turn 112p or 112d. The 
undulations 106 of the helical turn 121p or 121d of the undu 
lating helical element 120 form continuous helical pattern 
with the undulations 106 of the undulating helical turn 112p 
or 112d of the circumferential member 110p or 110d without 
any intermediate or transition stages in-between. Such con 
tinuous helical pattern defines a direct connection between 
the helical element 120 and the circumferential members 
110p and 110d. 
(0073 FIGS. 3A and 3B also illustrate apex geometry. 
Apex geometry refers to configuration of the apices 114,116, 
123 where two or more struts 115, 117, 124 meet, respec 
tively. Each strut and each apex has a cross-section with a 
width, and a thickness (into the page). Apex radius, width, and 
thickness (see FIGS. 4A-4C), and the angles of the struts 
forming those apices Substantially define the apex geometry. 
The undulating helical turn 112p or 112d of the circumferen 
tial member 110p or 110d and the helical turns 121p, 121d, 
122 of the helical element 120 have a substantially uniform 
apex geometry. Optionally, the circumferential ring 111p or 
111d also has the same apex geometry as the undulating 
helical turn 112p or 112d of the circumferential member 110p 
or 110d and the helical turns 121p, 121d, 122 of the helical 
element 120. It is also possible for the apex geometry to be 
varied. For example, the circumferential ring 111p or 111d, 
undulating helical turn 112p or 112d of the circumferential 
member 110p or 110d and the helical turns 121p, 121d, 122 of 
the helical element 120 can each have different apex geom 
etries. 
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0074 The circumferential members 110p and 110d have 
at least two undulating structures. The circumferential mem 
bers 110p and 110d are depicted with one undulating helical 
turn 112p or 112d and an undulating circumferential ring 
111p or 111d. 
0075. The circumferential member 110p or 110d of FIG. 
2A has the same number apices in the undulating helical turn 
112p or 112d and the circumferential ring 111p or 111d. The 
amplitudes of the undulating helical turn 112p or 112d and the 
circumferential ring 111p or 111d are substantially the same. 
It is possible, however, that the circumferential ring 111p or 
111d can have a greater or lesser number of apices than the 
helical turn 112p or 112d. The circumferential ring 111p or 
111d can have a greater or lesser amplitude than the helical 
turn 112p or 112d. As shown in FIGS. 2A and 2B, the cir 
cumferential members 110p and 110d at the distal and proxi 
mal ends of the stent that can define a plane orthogonal to the 
longitudinal axis 102. 
0076. In FIGS.3A and 3B, the circumferential rings define 
a plane orthogonal to the longitudinal axis 102 when the 
circumferential member 110p or 110d includes a circumfer 
ential ring 111p or 111d and a helical turn 112p or 112d. 
Alternatively, the ends of the stent can define other angles 
with respect to the longitudinal axis. 
0077 One or more of the circumferential members 110p 
or 110d can be flared. That is, a diameter at an end of the stent 
100 is greater than a diameter defined at the direct connection 
of the circumferential member 110p or 110d and the helical 
element 120. For example, circumferential members 110p 
and 110d at both ends of the stent can be flared. 
0078. Optionally, apices of the circumferential ring 111p 
or 111d can be out of phase with apices of the helical turn 
112p or 112d by about a half of wave period and the number 
of apices is equal. This can provide, for example, a peak to 
Valley arrangement of apices in the circumferential member 
110p or 110d. The helical turns of the helical element and the 
undulated helical turn of circumferential member can have 
constant and identical amplitude throughout the winding of 
the helical body of the stent. 
0079. In FIGS. 2A and 2B, the lengths of the closed cell 
connectors 118 vary. The lengths of the closed cell connectors 
118 can uniformly increase along a circumferential direction 
of stent. Alternatively, the lengths of closed cell connectors 
118 need not uniformly increase. For example, the closed cell 
connectors 118 can be placed at various locations between the 
undulations 107 of the helical turn 112p or 112d and the 
circumferential ring 111p or 111d, which will vary their 
lengths accordingly. 
0080. The widths of the closed cell connectors 118 can be 
varied. For example, in FIGS. 3A and 3B, the widths of all but 
one of the closed connectors are substantially the same. The 
shortest of the closed cell connectors joins two struts 115 that 
form the apex 114 of the circumferential ring 111p or 111d, 
and the last strut 117 of the apex 116 of the helical turn 112p 
or 112d. That closed cell connector can have a greater width 
than the other closed cell connectors 118, and can, for 
example, have a width approximately twice that of the other 
closed cell connectors. 

0081 Individual closed cell connectors 118 also can have 
variable widths. In FIG. 4C, the shortest closed cell connector 
118 has a variable width. A portion of the length of that closed 
cell connector can be narrowed to provide a notch 119. The 
shown notch is directly adjacent to the apex of the adjoining 
circumferential ring 111p or 111d and can have length and 
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width that is approximately equal to the width of apex junc 
tion as shown in FIG. 4A, although these parameters can also 
be varied beyond the width of the apex junction. That notch 
can be provided anywhere along the length of that closed cell 
connector, however. The notch can act as a hinge and facilitate 
bending at that point, or can reduce stresses and strains 
around the area when the stent is deformed. Alternatively, 
bending or stress/strain relief can be facilitated by other 
means. Such as by varying the thickness of the strut locally at 
that point. Exemplary dimensions of aspects of the circum 
ferential ring are shown in Table 1 below. 

TABLE 1 

Exemplary Closed Cell Connector Dimensions 

Approximate 
Dimension 

Measurement (millimeters) 

Length (shortest closed cell 0.4 
connector) 
Length (longest closed cell connector) 3.0 
Incremental Length Increase (closed O.3 
cell connector) 
Width (closed cell connector) O.1 
Length (notch) 0.4 
Width (notch) O.1 

I0082 In FIGS. 3A and 3B, the lengths and widths of the 
axial connectors 125 are shown to be substantially uniform 
throughout the stent. The lengths and widths of axial connec 
tors 125, however, can vary. For example, the axial connec 
tors 125 can be placed at various locations between the undu 
lations 106 of the adjacent helical turns, which will vary their 
lengths. 
0083. The number of axial connectors 125 in the stent is 
variable. Two to six axial connectors are provided per helical 
turn, with a ratio of about 2.5 to 2.75 axial connectors per 
helical turn is shown in FIGS. 2A, 2B. The axial connectors 
125 can be connected between adjacent apices of the undu 
lating helical turns. Optionally, the axial connectors 125 in 
one helical turn pair, 121p–122, can be offset from the axial 
connectors 125 in the immediately adjacent helical turn pair. 
The placement of axial connectors, while offset in the imme 
diately preceding and/or following helical turn pairs, can 
remain in the same longitudinal arrangement in the alternat 
ing pairs (see FIGS. 2A and 2B), every second helical turn 
pair. For example, in a helical turn pair 112p-121p, the axial 
connectors 125 have a specific offset arrangement. The axial 
connectors 125 in the immediately adjacent helical turn pair 
can have the same offset arrangement. The arrangement 
maintains the axial bending flexibility of the stent in virtually 
all directions. Otheraxial connector placements are also envi 
Sioned. 
0084. In FIGS. 3A and 3B, the axial connectors 125 extend 
between peaks and valleys. Between about two and six axial 
connectors 125 can be provided per helical turn to maintain 
flexibility. The placement of the axial connectors 125 in the 
stent body 101 can be varied from distal to proximal end (left 
to right in FIG. 2A or 3A). For example, some of the axial 
connectors 125 can be offset by about half an undulation 
period as compared to other of the axial connectors 125 of the 
stent body 101. This can help to avoid numerous four-strut 
junctions between the helical element 120 and the circumfer 
ential member 110d and to maintain the axial bending flex 
ibility of the stent in virtually all directions. 
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I0085. As illustrated in FIGS. 2A and 2B, the exemplary 
stent 100 defines the circumference of the stent body 101 by 
10 distal facing apices (“10-apices') or, as illustrated in FIGS. 
6A and 6B, by 11 distal facing apices (“11-apices'). For 
example, a Smaller diameterstent can be a “10-apices' design 
with a deployed diameter of about 5 to 8 mm. A stent can have 
an undulating helical element 120 that comprises about one 
helical turn or a portion of one helical turn such as about/s, 
34, or /2 of a helical turn. An example of such a stent is shown 
in FIG. 9. The stent can have a deployed diameter of about 3 
mm to about 6 mm, including about 3 mm, 3.5 mm, 4 mm, 4.5 
mm, 5mm, 5.5 mm, and 6 mm. Such a stent can have a length 
of about 15 mm and an insertion, pre-deployed diameter of 
about 1.0 mm to about 2.3 mm. A larger stent can be an 
“11-apices' design with a deployed diameter of about 9 to 10 
mm. However, 6-, 8-, 9-, 12-, 13-, 14-, 15-, 16-, 18- and more 
apices are also envisioned and encompassed. 
I0086. The number of closed cell connectors 118 depends 
on the number of apices in the stent body. In FIGS. 2A and 2B, 
there are ten closed cell connectors 118. In FIGS. 6A and 6B, 
there are eleven closed cell connectors 118. Increasing the 
number of closed cell connectors can increase the axial stiff 
ness and columnar strength of the distal and proximal undu 
lating circumferential members at the ends of the stent 100. 
This can decrease the overall tendency for the stent 100 
migration along the vessel lumen and further reduces, for 
example, the tendency of the stent to either move into the site 
of the aneurysm or follow the path of the expanded vessel. If 
buckling occurs, the closed cell and axial connectors 118, 
125, have a tendency to maintain axial spacing of the helical 
turns at their connection points, act as springs in this situation, 
store mechanical energy which then acts to restore the stent to 
an unbuckled State. 

0087 Exemplary dimensions of aspects of the undulating 
helical element are shown in Table 2 below: 

TABLE 2 

Exemplary Undulating Helical Element Dimensions 

Approximate Dimension 
Measurement (millimeters) 

Length (short strut) 2.6 
Length (long strut) 2.9 
Strut Width O.1 
Length (axial connector) 3.1 
Width (axial connector) O.1 
Radius (apex) O.2 
Width (apex) O.2 

0088 FIG. 5 shows a variation of the circumferential 
members. The circumferential member is provided with addi 
tional circumferential rings 113p or 113d at the ends. For 
example, in FIG. 5, the additional undulating circumferential 
rings are shown as 113p and 113d. The number of circumfer 
ential rings 111p and 113p, or 111d and 113d at the distal and 
proximal ends can be the same or different. 
I0089. The stent 100 can be formed from a wide variety of 
materials or combinations of materials, including metals and 
plastics. Among metals that can be used are stainless steel, 
titanium, tantalum, alloys such as Elgiloy(R) and PhynoXR 
spring alloys, 316 stainless steel, MP35NR) alloy, and Nitinol 
nickel-titanium alloy. Super-elastic versions or shape 
memory versions of the mentioned alloys can also be used. 
One can use metals that resume their original shape after 
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being deformed to Such a degree that an ordinary metal under 
goes permanent deformation. Use of nitinol alloys can impart 
the self-expanding characteristic to the stent. In such a nitinol 
stent, the phase behavior of the material can be selected and 
the stent treated so that the stent has a tendency to transform 
from the insertion configuration to deployed configuration 
when unconstrained at body temperature. For example, the 
active A (austenitic transformation finish) temperature for 
nitinol of the completed stent assembly, as ready for intended 
use, can be less than about 35°C., be between about 0°C. and 
about 25°C., or be between about 10° C. and about 17°C., as 
determined by a bend and free recovery test known in the art 
(see ASTM standard no. F2028-01). 
0090. Among plastics useful for fabricating the stents are 
PTFE, other fluoropolymers, or other plastics (such as PET). 
Among resorbable materials polymers or copolymers pos 
sessing one or more of the following monomeric components: 
glycolide (glycolic acid); lactide (d-lactide, l-lactide, d.l-lac 
tide); trimethylene carbonate; p-dioxanone; caprolactone, 
hydroxybutyrate, hydroxyvalerate. These identified materials 
are exemplary and any material Suitable for implantation can 
be used. 

0091 Any technique that produces a stent with the 
required characteristics can be used. For example, the stents 
can be cut from a continuous tube of material into the desired 
pattern, Such as through use of a laser. The stents can also be 
constructed by various known techniques such as machining, 
chemical etching, laserablation, die-cutting, plasma etching, 
stamping, waterjet cutting or any other Suitable means as long 
as the required Stent structure can be achieved. The stents can 
also be formed from a flat sheet of material that is cut into the 
desired pattern and then bonded together to form a tube hav 
ing a seam. Finally, the stents can be constructed from wires 
or ribbons that are formed into the desired shapes and then 
bonded together, for example by welding, into the final pat 
tern 

0092 Coverings can be provided for the stent. The use of 
coverings in combination with the stent can help, for 
example, to (1) minimize or at least reduce the risk of intro 
duction of emboli into a bloodstream, (2) resist tissue 
encroachment into the lumen defined by the stent, and (3) 
reduce pressure on a weakened part of a blood vessel to 
reduce the risk of vessel rupture. Coverings can be made from 
continuous materials with no holes visible without magnifi 
cation. 

(0093. Additionally, FIGS. 7A and 7C illustrate two kinds 
of other coverings, which can be termed to be lattices. These 
lattices are unitary structures. A series of interconnected, 
continuous segments define one or more patterns of openings 
in the lattice. The width of the lattice segments ranges 
between about 0.02 mm and about 0.2 mm, between about 
0.02 mm and about 0.1 mm, or about 0.05 mm. The thickness 
of the lattice segments ranges between about 0.02 mm and 
about 0.2 mm, between about 0.02 mm and about 0.1 mm, or 
about 0.05 mm. The lattice opening size is the diameter of the 
largest inscribed circle, and ranges between about 40 um and 
about 1 mm, between about 50 m and about 800 um, 
between about 100 um and about 750 um, or between about 
200 um and about 500 um. The lattice opening size can be the 
size of the smallest kerf width of a laser. A lattice opening for 
use in an application Such as aneurysm exclusion can be 
between about 10um and about 40 um, between about 12 um 
and about 30 um, or between about 15um and about 20 Lum. 
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0094. The lattice openings can be arranged in various 
regular and irregular patterns to provide diametrically stable 
functionality. The openings can have various shapes, such as 
triangles, squares, diamonds, parallelograms, hexagons, 
circles, or any other geometric shape, or combinations of 
shapes. FIGS. 7A and 7C show illustrative square and dia 
mond-shaped openings, respectively. 
0095. The square-shaped lattice of FIG. 7A has a series of 
continuous longitudinal segments that extend in a direction 
that is Substantially parallel to a longitudinal axis of the stent, 
and a series of continuous circumferential segments that 
extend in a direction that is at an angle approximately trans 
verse to the longitudinal axis of the stent. In FIG. 7A, the 
square-shaped openings have four equal or Substantially 
equal sides and its interior angles are all at or approximately 
right angles (90). 
0096. The arrangement of the square-shaped lattice of 
FIG. 7A can provide longitudinal segments with substantially 
constant length in an insertion or constrained configuration 
(when the stent has a reduced profile), and in a deployed 
configuration (when the stent has an enlarged profile greater 
than the insertion profile). For example, as compared with 
overall length of longitudinal lattice segments in the deployed 
configuration, the longitudinal segments of the lattice can 
have lengths +5% in the insertion configuration, +4% in the 
insertion configuration ort2% in the insertion configuration. 
0097 Alternatively, the lattice covering can have paral 
lelogram-shaped openings. Continuous longitudinal seg 
ments extend in a direction that is substantially parallel to the 
longitudinal axis of the stent. Continuous circumferential 
segments extend at an angle with respect to the longitudinal 
axis that is greater than 0° and less than about 90° with respect 
to the longitudinal axis. For example, the circumferential 
segments can be oriented at an angle of about 45° with respect 
to the longitudinal axis. Such a parallelogram-shaped lattice 
can be positioned with respect to the stent so that one or more 
of the longitudinal segments extend along the length of the 
closed cell connectors. 
0098. Further, the lattice covering can have diamond 
shaped openings as shown in FIG.7C. Two sets of continuous 
circumferential segments extend at different angles with 
respect to the longitudinal axis of the stent. For example, a 
first set of the circumferential segments is oriented at an angle 
of about 45° with respect to the longitudinal axis, while a 
second set of the circumferential segments is oriented at an 
angle of about -45° and about -90° with respect to the lon 
gitudinal axis. In the lattice depicted in FIG. 7C, there are no 
longitudinal segments. 
0099. Yet still more lattice opening shapes can be 
obtained. Such a triangles, or trapezoids, with additional lat 
tice segments. For example, the lattice can have two sets of 
circumferential segments, as well as longitudinal segments. 
One set of the circumferential segments can be oriented at an 
angle of between about 45° and about 90° with respect to the 
longitudinal axis, while a second set of the circumferential 
segments can be oriented at an angle of between about -45° 
and about -90° with respect to the longitudinal axis. 
0100 Longitudinal and/or circumferential lattice seg 
ments can be positioned to extend along one or more stent 
struts. For example, in FIG. 8B, longitudinal segments of the 
square-shaped openings extend along one of the closed cell 
connectors of the circumferential member, and are longitudi 
nally aligned with it. The number of longitudinal segments of 
the lattice covering can be the same as or greater than the 
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number of the closed cell connectors in each of the circum 
ferential members. One, Some, or all of the longitudinal mem 
bers can be joined with the closed cell connectors. Similarly, 
other shaped openings of the lattice can be aligned so that one 
or more sides extend along the length of one or more connec 
tor struts within the stent. 

0101 The number of attachments between the stent and 
the lattice covering can be varied depending on various fac 
tors, such as the size of the stent openings, the size of the 
lattice openings, and the orientation of the lattice with respect 
to the stent. In FIGS. 8B and 8C, the closed cells 130 of the 
stent have a larger dimension along the longitudinal axis, and 
a shorter dimension transverse to the longitudinal axis. In 
FIG. 8B, the square-shaped lattice covering is oriented with 
fewer lattice openings across the larger dimension of the 
closed cell 130, and an equal or fewer lattice openings across 
the smaller dimension of the closed cell 131. In FIG. 8C, the 
diamond-shaped lattice covering is oriented with more lattice 
openings across the Smaller dimension of the closed cell 
(133) than in FIG. 8B. 
0102) A substantially uniform lattice opening pattern is 
shown in FIGS. 7A, 7B and 7C. In those lattices, the size and 
shape of the openings is substantially uniform throughout. 
However, the lattice opening pattern also can be irregular. 
Lattice openings can be provided in one portion and not in the 
balance of the lattice. For example, a first arc of the lattice can 
have openings along the entire length of the lattice while a 
second arc opposite of the first arc is substantially without 
openings. Alternatively, the lattice openings can be provided 
in along a spiral with respect to the longitudinal axis. Further 
still, the lattice can have a perfusion region within which the 
openings are provided and an excluding region devoid of 
openings, thus, configured to allow orientation of the perfu 
sion region to be determined endovascularly. 
0103 Alternatively, the lattice openings can have several 
patterns. The openings of similar size and shape can be 
grouped together to have at least two sets of openings with 
each set having a predetermined size and shape, or uniformly 
distributed throughout the lattice. For example, lattice open 
ings corresponding to the circumferential members can be 
square-shaped as depicted in FIG. 7A, while the lattice open 
ings corresponding to the helical element can be diamond 
shaped as depicted in FIG. 7C. 
0104. Alternatively, the lattice can have three sets of open 
ings distributed along the length of the lattice, one at the 
proximal end, one at the distal end and one in-between. The 
openings of the proximal set, for example, can have diamond 
shaped openings with a nominal diameter of about 300 um as 
measured by the largest inscribed circle. The openings of the 
distal set, for example, can also have diamond-shaped open 
ings but with a nominal diameter of about 500 um as mea 
sured by the largest inscribed circle. On the other hand, the 
openings of the central set, those that span between the proxi 
mal and distal sets, can have squared-shaped openings with a 
nominal diameter of about 100 um as measured by the largest 
inscribed circle. Other permutations, sets, and groupings are 
also envisioned. For example, in addition to the square or 
diamond-shaped lattice openings, one or more large oval 
openings adapted to allow for side branch perfusion can be 
provided. 
0105. The lattice can be produced by laser cutting, such as 
a CO laser, from a longitudinally wrapped tube of, for 
example, six layers of biaxially-oriented film made from one 
suitable cover material or from a combination of suitable 
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cover materials to produce a unitary structure, not woven. 
Such a lattice could have a nominal thickness between about 
10 um and about 250 um, between about 20 um and about 60 
um, or between about 35 m and about 50 um. Other films can 
be used together with the biaxially-oriented films or in place 
of them to form the lattice. For example, uniaxially-oriented 
or multiaxially-oriented films can be used. These films can be 
wrapped longitudinally as described above, or can be 
wrapped in other configurations. For example, the films can 
be helically wound to form the tubular structure. Other meth 
ods of lattice preparation are also envisioned in accordance 
with the procedures described in U.S. Pat. Pub. No. 2008/ 
01 19943 to Armstrong et al., or U.S. Pat. No. 7,306,729 to 
Bacino et al., the entire disclosures of which are incorporated 
herein by reference. Alternatively, a lattice can also beformed 
from a fiber by techniques such a knitting, weaving, or cro 
cheting. 
0106 Conformability of the stent with and without the 
lattice can be measured according various known test meth 
ods. For example, ISO 25539-2 (2008) describes one protocol 
for assessing the ability of medical devices to conform to 
vessel walls and is incorporated in and constitutes a part of 
this specification. Most generally, the test method measures 
the Smallest radius of curvature that a stent can withstand 
without kinking. A more conformable stent will have greater 
ability to conform to bends having a smaller radius of curva 
ture without kinking, and a less conformable stent will have a 
lesser ability to conform to such bends without kinking. 
0107 Flexibility of the stent with and without the lattice 
can be assessed by a three-point bend test on deployed Stents. 
One method for such testing is set forth in ASTM F2606-08, 
the entire disclosure of which is incorporated herein by ref 
erence. Most generally, after the Stent is placed into a specific 
three-point bend fixture, the amount of force required to bend 
the stent is measured. The resulting load-deflection curves 
can be used to assess flexibility of stents. A more flexible stent 
will have greater ability to bend at lower forces, and a less 
flexible stent will have a lesser ability to bend at lower forces. 
0108. The stent and the lattice can be sized to be the same 
or different. The lattice covering shown in FIGS. 7A,7C, 8A 
and 8B does not notably constrain the stent, and for example, 
the stent has an outer diameter of about 8 mm, and the lattice 
has an inner diameter of about 8 mm. 

0109 Alternatively, however, the lattice can resist full 
expansion of the stent, depending upon lattice geometry and 
material chosen. This can be achieved by over-sizing the stent 
with respect to the lattice covering. The stent can have an 
outer diameter that is oversized with respect to the lattice 
covering in an amount of about 10% to about 100%, between 
about 20% and about 70%, or between 30% and about 50%. 
For example, the self-expanding stent can have an outer diam 
eter of about 10 mm, and the lattice can have an inner diam 
eter of about 8 mm. An effect of oversizing the stent as 
compared to the lattice (in this example to about 20%) is to 
provide a final self-expanding device that resists forces tend 
ing to collapse the deployed stent. The amount of force 
needed to reduce the diameter of the deployed stent is higher 
when an oversized self-expanding stent is used as compared 
with the same stent that is not oversized. 
0110. In addition to oversizing the stent as compared with 
the lattice, the lattice can be made from a distensible material. 
A distensible material for the lattice can be made according to 
various known techniques, such as in accordance with the 
procedures described in U.S. Pat. Nos. 4,877,661 and 5,026, 
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513 to House et al., the entire disclosures of which are incor 
porated herein by reference. The lattice made from disten 
sible material can have a rapid recovery of greater than about 
5.5%, greater than about 15%, or greater than about 30%. For 
example, the stent can be sized to have an outer diameter of 
about 8 mm, and the distensible lattice can be sized to have an 
inner diameter of about 6 mm. 

0111. A lattice covering can stretch or deform when 
advancing a catheter or other tool from a deployment system 
through its sidewall to allow crossing for deployment of a side 
branch device or other device. FIG. 11A is a partial view of a 
lattice covering prior to micro-catheter advancement. FIG. 
11B is a partial view of the lattice with a micro-catheter 
advancing through one of the lattice openings and showing 
the opening deforming to take the shape of the outer diameter 
of the micro-catheter. FIG. 11C is a partial view of the same 
lattice in FIG. 11B after the micro-catheter is removed and 
shows that the lattice opening has substantially returned to its 
original size and shape. The lattice would substantially return 
to its structure, size and shape once the side branch or addi 
tional device is deployed and that deployment system 
removed from the lattice. 

0112 A lattice covering can be formed from longitudinal 
strips of any of the cover materials described herein including 
by bonding or weaving into a basket weave, mesh, or lattice 
pattern. 
0113 Optionally, a stent can be covered with multiple 
layers of coverings. A lattice can be formed by two or more 
layers of lattice coverings. Two or more layers can be bonded 
together with openings aligned or offset. One or more of the 
layers can have elastic properties. Two lattice coverings as 
shown in FIGS. 12A and 12B can be layered such that the 
openings are offset or staggered as shown in FIG. 12C. The 
resulting open area, as shown in FIG. 2D, may provide 
Smaller trans-mural porosity than may be achieved by utiliz 
ing a single lattice covering. 
0114. A lattice can be imbibed with PVA (polyvinyl alco 
hol) or other materials (e.g., gold, platinumfiridium, or the 
like) to aid the physician during imaging (e.g., ultrasound, 
fluoroscopy, MRI, or the like). A lattice can be imbibed with 
one or more therapeutic agents. The term “imbibed or imbib 
ing as used herein is meant to describe any means for at least 
partially filling a portion of the pores of a porous material 
such as ePTFE or the like. This can be done during manufac 
turing by, for example imbibing, or it can be done during 
catheter flushing which may imbibe or coat one or more 
therapeutic agents into or onto the lattice. Imbibing or coating 
of a therapeutic agent can result in release of the agent over 
time. One skilled in the art can select suitable therapeutic 
agents including without limitation: Sirolimus, dexamethoa 
Sone, paclitaxel, phosphorylcholine, everolimus, or like 
agents. As used herein, a therapeutic agent can be a drug or 
other pharmaceutical product such as a non-genetic agents, 
genetic agents, cellular material, etc. Some examples of Suit 
able non-genetic therapeutic agents include but are not lim 
ited to: anti-thrombogenic agents such as heparin, heparin 
derivatives, vascular cell growth promoters, growth factor 
inhibitors, paclitaxel, etc. Where an agent includes a genetic 
therapeutic agent, such a genetic agent may include but is not 
limited to: DNA, RNA and their respective derivatives and/or 
components: hedgehog proteins, etc. Where a therapeutic 
agent includes a cellular material, the cellular material may 
include but is not limited to: cells of human origin and/or 
non-human origin as well as their respective components 
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and/or derivatives thereof. Where the therapeutic agent 
includes a polymer agent, the polymer agent may be a poly 
styrene-polyisobutylene-polystyrene triblock copolymer 
(SIBS), polyethylene oxide, silicone rubber and/or any other 
suitable substrate. In at least one embodiment the polymer 
agent can be biodegradable such as PLA, PLGA, etc. A thera 
peutic agent can also be a coating material as described 
herein. 
0115. A lattice can also be imbibed with an alginate. The 
alginate can be imbibed throughout the lattice or selectively 
to one or more portions of the lattice. The alginate can be 
cross-linked by delivering divalent or trivalent cations (for 
example, calcium) though a catheter or the stent delivery 
system to the stent delivery site. The cross-linked alginate 
portion of the lattice can be used to relieve pressure from 
weakened portions of a blood vessel (for example, to treat a 
cerebral aneurysm) or to occlude other openings or vessels 
adjacent to the sidewall of the stent. A lattice can be imbibed 
with calcium. An alginate can be delivered to the calcium 
imbibed lattice through the stent delivery system or by 
another catheter system to cause crosslinking on or in close 
proximity to the lattice. A stent with a calcium imbibed lattice 
can be placed over an aneurysm neck and then one can intro 
duce the alginate through the lattice and into the aneurysm. 
While flowing through the calcium imbibed lattice, the algi 
nate can react with the calcium to cause formation of a gel in 
the aneurysm sac. 
0116. In FIGS. 7A and 7B, the lattice is shown to be 
generally uniform. Alternatively, the lattice covering can be 
varied along its length. For example, the size of the openings, 
the orientation of the openings and their shapes need not be 
uniform throughout the lattice covering. A portion of the 
lattice covering can have square-shaped openings and another 
portion of the lattice covering can have diamond-shaped 
openings. 
0117 These coverings can be joined to the stent overall or 
over only a portion of the device length. The coverings can be 
joined intermittently. For example, a lattice covering can be 
joined only at the ends of the stent, at the closed cell portions 
of the Stent, or only at the closed cell connectors. The covering 
can be on the outside of the stent elements; it can be on the 
inside of the stent; or it can be on both. 
0118. The attachment of the stent and the covering can be 
accomplished by mechanical means such as fiber, braiding a 
lattice into the stent, or discrete mechanical attachment points 
(clips, etc.). These components also can be bonded together 
through heat treatment (such as, sintering of the materials 
together) or through use of a wrap (for instance a tube, tape, 
or membrane) around the outside of the stent and cover (either 
continuous or discontinuous), that is adhered through either a 
thermoplastic or thermoset adhesive to the stent and cover. 
The covering also can be attached to the stent by adhering the 
two together through use of a suitable adhesive. Combina 
tions of these methods also can be used. These methods and 
combinations of these methods can be used to attach the stent 
and covering while under inert gas conditions as commonly 
known in the art. 
0119) Among suitable biocompatible adhesives are ther 
moplastic adhesives such as fluorinated ethylene propylene 
(FEP), polyurethane, cyanoacrylate, thermoplastic fluo 
ropolymer, including flouroelastomers such as those dis 
closed in U.S. Pat. No. 7,049,380 ITFE/PMVE), etc. Ther 
moset adhesives are also useful. Such as silicone including 
room temperature Vulcanizing (RTV) silicone. 
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I0120 For example, where the cover is a PTFE lattice: 
fluorinated ethylene propylene (FEP) can be used as an adhe 
sive. Such a coating can be applied by various methods 
including extrusion over the covering, powder coating with 
powdered FEP that is subsequently melted to flow over the 
lattice Surface, or running the covering through a bath of 
molten FEP optionally followed by pulling the covering 
through a die to achieve uniformity of the coating. Alterna 
tively, the stent can be provided with a coating of adhesive 
such as by powder coating with FEP in a continuous or 
discontinuous fashion, or through use of an FEP wrap (for 
instance a tube, tape, or membrane). 
I0121 A cover can be provided that allows the stent to be 
embedded within the cover material, such as through use of a 
silicone or other elastomeric material. 

0.122 Covers can be coextensive with the length of the 
stent, as shown in FIGS. 7A-7C and 8A-8C, or they can be 
either longer or shorter than the stent. Covers can also cover 
only a portion of the stent, or can cover separately two or more 
portions of the stent. If multiple portions are covered, covers 
can also overlap on the stent. 
I0123. Additionally, the stent, the covering or both can be 
provided with additional treatment or therapeutic agents, 
Such a drugs, radiation, radiopaque markers or coatings, or 
other agents to enhance visualization in-vivo. For example, 
various coatings can be provided on all or some of the stent 
Surface, the covering or both. Suitable coating materials 
include fluoroelastomer, ceramic, silicone, polyethylene, car 
bon, gold, heparin, hydrogel, lubricious coatings, antibiotics, 
anticoagulant agents, anti-inflammatory agents, antimeta 
bolic agents, antimicrobial agents, antimigratory agents, anti 
platelet agents, antiproliferative agents, antisense agents, 
cytostatic agents, nitric oxide releasing agents, pro-endothe 
lial agents, selective gene delivery vectors, Super oxide dis 
mutases, Super oxide dismutases mimics, vasoactive agents, 
and combinations thereof. Such as, for example, actinomycin 
D. ciclosporin, clobetasol, dexamethasone, estradiol, everoli 
mus, heparin, paclitaxel, pimecrolimus, rapamycin, siroli 
mus, tacrolimus, and derivatives of these compounds. 
Coating materials can provide numerous benefits, including 
protecting the underlying stent material, providing a substrate 
for delivery of drugs or other therapeutic Substances, isolating 
the Stent material from interaction with Surrounding cells, 
improving fluoroscopic visualization. Coatings can be 
applied in any material-appropriate manner, Such as dip-coat 
ing, spray-coating, electro-deposit, or chemical vapor depo 
sition. 

0.124 Such a stent can be used to treat various body 
lumens, including, the aortoiliac, carotid, cerebral, coronary, 
hepatic, infrainguinal, mesenteric, renal, splenic, Subclavian, 
and Superior mesenteric arteries. Such a stent's configuration 
allows it to conform to the native anatomy of blood vessels or 
other body lumens, while also enhancing the stent's fatigue 
performance and crush-resistance. 
0.125 For example, a stent as described herein can be used 
for treating Stenosis in a carotid artery of a patient. A stent is 
provided having an insertion configuration with a reduced 
profile and a deployed configuration with an enlarged profile 
greater than the insertion profile. For example, the stent can 
be a nitinol stent which is capable of self-expanding to the 
deployed configuration when a constraint is removed. The 
stent has at least two spaced apart, undulating circumferential 
members, and an undulating helical element extending heli 
cally about the longitudinal axis, axially interposed between 
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and directly connected to the circumferential members. The 
undulating helical element defines a plurality of open cells, 
and the circumferential member defines a plurality of closed 
cells. The stent is inserted into the vasculature of the patient. 
The stent is then positioned and deployed within the patient's 
carotid artery, for example, at a position where plaque has 
caused a narrowing of the artery. 
0126 The stent can be delivered by catheter. The stent can 
be radially compressed and placed within a sheath. The 
sheath can be subsequently mounted on a 5F (for 6-8 mm) or 
6F (for 9-10 mm) introducer-sheath compatible delivery sys 
tem. To aid visualization during delivery and deployment, one 
or more radiopaque markers can be integrated into the deliv 
ery system. For example, one radiopaque marker, Such as 
BaSO, can be placed into the polymer used for the distal tip 
of the catheter. Another radiopaque marker, Such as a plati 
num/iridium band, can be incorporated into the sheath mate 
rial to indicate progression of the sheath retraction during 
stent deployment. Additionally, two markers, such as gold, 
platinum, or tantalum, can be placed adjacent to the proximal 
and distal ends of the compressed stent to aid in positioning. 
0127 Exemplary deployment systems that can be used in 
conjunction with the stents discloses herein include U.S. Pat. 
Nos. 6,139.572; 6,352,561 and 7,198,636 which are incorpo 
rated by reference herein. 
0128. Alternate deployment systems can be adapted for 
access in arteries or veins above the pelvis; for example, from 
the radial, brachial, and common carotid arteries. For carotid 
artery deployments, the access site arteries listed above are 
close to the carotid bifurcation and an alternate delivery sys 
tem as shown in FIG. 10 can be used. The stent can be 
compressed and mounted on a delivery system as described 
previously. The common carotid artery can be punctured at a 
location just above the collarbone. In this instance, the dis 
tance from the puncture site to the carotid bifurcation is less 
than 20 cm. The use of a conventional carotid stent delivery 
system in this instance would leave a significant length of 
redundant catheter thus necessitating the use of an assistant to 
stabilize and deploy the stent. An alternate deployment sys 
tem can allow a single operator. Any stent can be delivered 
with Such a delivery system. An example of a stent that can be 
delivered with such a delivery system would be a self-expand 
ing stent including stents described herein, Stents having a 
high radial force upon delivery, stents with a small circular 
cell size between expanded metal struts, and/or stents 
designed to be deployed to a heavily calcified region of vas 
culature. A delivery system adapted for access from the 
radial, brachial and carotid arteries can range from about 15 
cm to about 80 cm in length and can be no longer than about 
45 cm (or about 60 cm or about 30 cm or about 20 cm) for ease 
ofuse and operation by one operator. As shown in FIG. 10, a 
delivery system can have a handle housing 300, a locking 
mechanism 302, flushing port 304, strain relief 306, catheter 
shaft308, retractable sheath310 covering stent, and a mecha 
nism for operation of the deployment such as a thumb wheel 
312. 

0129. In some instances, it may be beneficial to provide a 
covering on the stent. For example, a cover can provide a 
scaffold to reduce the risk of introduction of emboli being 
released into a bloodstream. A cover also can resist tissue 
encouragement into the lumen defined by the stent. Further, a 
cover can help to reduce pressure on a weakened part of a 
blood vessel, which in turn can reduce the risk of vessel 
rupture. 
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0.130 For example, for carotid applications, the stent with 
a lattice (see FIGS. 7A and 7B) can be useful for treating 
carotid stenosis. The lattice covered stent retains its flexibility 
and conforms to the anatomy, yet retains plaque due to a 
substantially smaller effective opening size of the lattice (as 
small as 0.04 mm). 
I0131 The method for doing so includes several steps. 
First, a stent is provided as described above having at least 
two spaced apart, undulating circumferential members, and 
an undulating helical element extending helically about the 
longitudinal axis, axially interposed between and directly 
connected to the circumferential members. The undulating 
helical element defines a plurality of open cells, and the 
circumferential member defines a plurality of closed cells. 
Second, the stent is inserted into the patient while the stent is 
in an insertion configuration with a reduced profile. Third, the 
stent is moved through the patients vasculature and posi 
tioned with the portion of the carotid artery to be treated. 
Fourth, the stent is deployed so that it assumes an enlarged 
profile greater than the insertion profile. Alternatively, the 
stent can include a lattice covering to provide further emboli 
protection. 
0.132. In this method, the stent and lattice are configured 
and positioned after deployment so that the stent provides 
scaffolding necessary to hold the artery open and ensure 
adequate blood flow, while the lattice in combination with the 
stent simultaneously provides plaque stabilization. 
I0133. The lattice openings can further provide perfusion 
to a side branch vessel in this application when properly 
positioned. For example, a lattice can have a perfusion region 
with openings and an excluding region Substantially without 
the openings. By determining the orientation of the perfusion 
region endovascularly, the lattice covered stent can be posi 
tioned so that the perfusion region allows side branch perfu 
sion. Orientation can be determined by fluoroscopic visual 
ization of one or more radiopaque markers incorporated 
within the lattice. 
I0134. Also, a lattice covered stent can be used in conjunc 
tion with balloon catheters and/or guidewires, for example, to 
provide perfusion to a side branch vessel. After initially 
deploying the lattice covered stent as above, a balloon cath 
eter can be endovascularly introduced into a one of the open 
ings of the lattice, and expanded to distend or disrupt lattice 
covering. This allows endovascular modification of the size 
and shape of at least that one opening. Again, this can help to 
provide side branch perfusion among other uses. 
0.135 These methods of using the stent disclosed herein 
are exemplary and not limiting. Further uses will be recog 
nized by a skilled artisan. 

EXAMPLE 1. 

0.136. A stent is prepared using a commercially-available 
medical grade initinol tubing. The composition of the nitinolis 
selected so that the finished stent frame, prior to Subsequent 
processing as described in examples 5 and 6 below, has an 
active austenitic transformation finish temperature of about 
20° C. or less. The tubing is laser cut to remove material from 
the tubing and to provide a structure as shown in FIGS. 2A 
and 2B with 10 apices and a deployed diameter of about 8 
mm, a thickness of about 0.15 mm. Slag, which can beformed 
during laser cutting of nitinol, is removed by mechanical or 
chemical techniques to provide a smooth exterior Surface. 
The laser cut tube also is electropolished. 



US 2012/0303112 A1 

0.137 This self-expanding stent device is diametrically 
compacted at ambient temperature. Compaction is effected 
using a collet or iris type of diametrical compaction device, 
such as taught by U.S. Pat. No. 6,629.350. The compacted 
stent device is inserted directly from the compaction device 
into a length of capture tubing to retain the stent device in its 
compacted State. 

EXAMPLE 2 

0.138. The stent with 11 apices and 10 mm deployed diam 
eter prepared in accordance with a configuration illustrated in 
FIGS. 6A and 6B and substantially as set forth in Example 1. 
This time, however, the self-expanding stent device is dia 
metrically compacted at a reduced temperature of about -10° 
C. 

EXAMPLE 3 

0.139. A lattice of the type shown in FIGS. 7A and 8B with 
square-shaped openings is prepared. A mandrel is wrapped 
with an ePTFE film with a discontinuous FEP coating to a 
thickness of approximately 0.05 mm. The film-mandrel 
assembly is placed into an oven at 320°C. for 12 minutes to 
bond the layers. The assembly is removed from the oven and 
allowed to cool at room temperature to provide an ePTFE 
tube. Using a CO laser, a pattern of regular square openings 
is cut into the tube. The openings are square-shaped with a 
size of less than about 0.5 mm. The width of the lattice 
segments is greater than about 0.05 mm (see FIG. 7B). The 
prepared square shaped lattice is placed in a convection oven 
set at 370° C. for 12 minutes. The material shrinks during 
heating to form squares that are approximately 0.5 mm diam 
eter inscribed circle and lattice segments that are approxi 
mately 0.05 mm wide. 

EXAMPLE 4 

0140. A lattice of the type shown in FIGS. 7B and 8C with 
diamond-shaped openings is prepared. An oversized mandrel 
that is approximately 25% larger than the nominal stent diam 
eter is wrapped with an ePTFE film with a discontinuous FEP 
coating to a thickness of approximately 0.05 mm. 
0141. The film-mandrel assembly is placed into an oven at 
320°C. for 12 minutes to bond the layers. The assembly is 
removed from the oven and allowed to cool at room tempera 
ture to provide an ePTFE tube. Using a CO laser, a pattern of 
slits approximately 40% longer than the final inscribed circle 
diameterare oriented transverse to the longitudinal axis of the 
mandrel are cut into the tube. The tube with slits is removed 
from the mandrel and stretched over the nominal stent diam 
eter mandrel and the slits open to form diamond shapes. The 
tube ends are temporarily fixed to length on the mandrel by 
ePTFE tape. The assembly is then placed into a convection 
oven set at 370° C. for 12 minutes. The material shrinks to 
form diamonds that are approximately 0.5 mm diameter 
inscribed circle and lattice segments are approximately 0.05 
mm wide. 

EXAMPLE 5 

0142. The obtained stent of Example 1 or 2 is powder 
coated with a thin layer of FEP powder (DuPontR FEP Fluo 
ropolymer Resin, Product Type 5101) in a tabletop blender 
within which the stent is suspended. After the stent is placed 
within the blender with FEP powder, the blender is activated. 
The powder disperses into the volume of the blender chamber 
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and the stent is powder coated. After approximately 3 sec 
onds, the stent is removed, and is placed into a convection 
oven set at 320°C. for 5 minutes. After this time, the stent is 
removed and allowed to air cool. 

0143. The stent is then placed on a mandrel having an 
outer diameter approximately equal to the inner diameter of 
the stent. The mandrel is covered on its outer diameter with 
polyimide film. To temporarily fix the stent to the mandrel, 
the stent is placed in a convection oven set at 320°C. for 4 
minutes. 

0144. After removal from the oven and cooling of the stent 
and mandrel assembly, a square-shaped opening lattice 
according to Example 3 is coaxially positioned over the stent. 
0145 The lattice is axially tensioned over the stent and 
comes in full contact with the outer diameter of the stent. The 
cover ends are temporarily fixed to length on the mandrel by 
ePTFE tape. A temporary layer of ePTFE film is then tightly 
wrapped around the assembly. The perforated cover is then 
placed within a convection oven set at 320°C. oven for 12 
minutes to adhere the cover to the stent. After removal from 
the oven and being allowed to cool to ambient temperature, 
the temporary film wrapping is removed, and the stent and 
lattice covering are removed from the mandrel. The lattice is 
then trimmed flush with the end of the stent. 

EXAMPLE 6 

0146 The obtained stent of Example 1 or 2 is powder 
coated as described in Example 3 above. The prepared dia 
mond-shaped opening lattice of Example 4 is coaxially posi 
tioned over the stent. The lattice is axially tensioned over the 
stent, causing it to decrease in diameter and to come in full 
contact with the outer diameter of the stent. The lattice ends 
are temporarily fixed to length on the mandrel by ePTFE tape. 
A temporary layer of ePTFE film is then tightly wrapped 
around the assembly. The lattice is then placed within a con 
vection oven set at 320°C. oven for 12 minutes. After removal 
from the oven and being allowed to cool to ambient tempera 
ture, the temporary film wrapping is removed, and the stent 
and lattice covering are removed from the mandrel. The lat 
tice is then trimmed flush with the end of the stent. 

0.147. In addition to being directed to the teachings 
described above and claimed below, devices and/or methods 
having different combinations of the features described above 
and claimed below are contemplated. As such, the description 
is also directed to other devices and/or methods having any 
other possible combination of the dependent features claimed 
below. 

0.148. Numerous characteristics and advantages have been 
set forth in the preceding description, including various alter 
natives together with details of the structure and function of 
the devices and/or methods. The disclosure is intended as 
illustrative only and as such is not intended to be exhaustive. 
It will be evident to those skilled in the art that various 
modifications may be made, especially in matters of struc 
ture, materials, elements, components, shape, size and 
arrangement of parts including combinations within the prin 
ciples of the invention, to the full extent indicated by the 
broad, general meaning of the terms in which the appended 
claims are expressed. To the extent that these various modi 
fications do not depart from the spirit and scope of the 
appended claims, they are intended to be encompassed 
therein. 
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What is claimed is: 
1. A stent comprising: 
a body having distal and proximal ends and defining a 

central lumen along a longitudinal axis, the body having 
an insertion configuration with a reduced profile and a 
deployed configuration with an enlarged profile greater 
than the insertion profile, the body comprising 

a plurality of spaced apart, undulating circumferential 
members, and an undulating helical element extending 
helically about the longitudinal axis, axially interposed 
between and directly connected to the circumferential 
members, 

wherein the undulating helical element defines a plurality 
of open cells, and the circumferential member defines a 
plurality of closed cells. 

2. The stent of claim 1, wherein the undulating circumfer 
ential member comprises one undulating helical turn con 
nected with an undulating circumferential ring. 

3. The stent of claim 2, wherein the undulating helical turn 
of each circumferential member is directly connected to a 
turn of the helical element. 

4. The stent of claim 2, wherein the circumferential mem 
ber comprises a plurality of closed cell connectors extending 
Substantially parallel to the longitudinal axis that form con 
nections between internal apices of the undulating helical 
turn and an adjacent undulating circumferential ring in the 
circumferential member. 

5. The stent of claim 4, wherein lengths of the closed cell 
connectors vary. 

6. The stent of claim 5, wherein lengths of the closed cell 
connectors uniformly increase along a circumferential direc 
tion of stent. 

7. The stent of claim 6, wherein circumferential rings at the 
distal and proximal ends of the stent define planes orthogonal 
to the longitudinal axis. 

8. The stent of claim 4, wherein the closed cell connector 
having the shortest length has a variable width that defines a 
notch. 

9. The stent of claim 4, wherein undulations of the circum 
ferential members have peaks with a connector extending 
outwardly from the apex and have valleys with a connector 
extending into an apex, and wherein each of the closed cell 
connectors comprises a strut extending from a peak to a peak. 

10. The stent of claim 4, wherein the closed cells are 
defined by the closed cell connectors extending between 
internal apices within the undulating circumferential mem 
ber. 

11. The stent of claim 10, wherein at least two of the closed 
cells have irregular hexagonal shapes. 

12. The stent of claim 10, wherein at least one of the closed 
cells has a Substantially rhombic shape. 

13. The stent of claim 10, wherein the closed cells are 
defined by having six sides or less and open cells are defined 
by having more than six sides. 

14. The stent of claim 1, wherein a first group of the closed 
cells is Substantially disposed around a circumference at the 
distal end of the stent, and a second group of the closed cells 
is Substantially disposed around a circumference at the proxi 
mal end of the stent. 

15. The stent of claim 2, wherein the undulated helical turn 
of circumferential member has constant amplitude. 

16. The stent of claim 2, wherein the undulated helical turn 
and the circumferential ring of circumferential member have 
Substantially uniform apex geometry. 
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17. The stent of claim 1, wherein the circumferential mem 
bers comprise a plurality of variable width struts. 

18. The stent of claim 1, wherein a number of apices in the 
circumferential members is equal to the number of apices in 
each turn of the helical element. 

19. The stent of claim 18, wherein apices of the circumfer 
ential members are out of phase with apices of the helical 
element by about a half of wave period. 

20. The stent of claim 1, wherein at least one of the cir 
cumferential members is flared Such that a diameter at an end 
of the stent is greater than a diameter defined at the direct 
connection of the circumferential member and the helical 
element. 

21. The stent of claim 20, wherein two or more circumfer 
ential members are flared. 

22. The stent of claim 1, wherein the stent body comprises 
connections between external apices of the helical element 
and the external apices of the circumferential member. 

23. The stent of claim 1, wherein the open cells are defined 
by periodically spaced connections between the adjacent 
turns of the helical element and between the helical turn of the 
undulating circumferential member or the helical turn of the 
helical element. 

24. The stent of claim 23, wherein the periodic connections 
are defined by a plurality of axial connectors extending Sub 
stantially parallel to the longitudinal axis. 

25. The stent of claim 24, wherein lengths and widths of the 
axial connectors are Substantially uniform. 

26. The stent of claim 24, wherein undulations of the heli 
cal element have peaks where the axial connector extends 
from the apex and have valleys where the axial connector 
extends into the apex, and wherein each of the axial connec 
tors comprises a strut extending from a peak to a valley or a 
Valley to a peak. 

27. The stent of claim 1, wherein the body in the deployed 
configuration has a diameter of d1 and the body in the inser 
tion configuration has a diameter of d2, where the ratio of 
d1:d2 is greater than about 2:1. 

28. The stent of claim 1 further comprises a covering. 
29. The stent of claim 28, wherein the covering is ePTFE. 
30. The stent of claim 28, wherein the covering is polyester. 
31. The stent of claim 28, wherein the covering is ePTFE 

lattice. 
32. The stent of claim 1, further comprising a bioactive 

coating provided on at least a portion of the stent. 
33. The stent of claim 32, whether the coating is heparin. 
34. The stent of claim 1, wherein the stent comprises a 

shape-memory alloy. 
35. The stent of claim 33, wherein the shape-memory alloy 

is nitinol. 
36. The stent of claim 1, further comprises a radiopaque 

marker attached to the stent. 
37. The stent of claim 36, wherein the radiopaque marker is 

attached to at least one of the undulating circumferential 
members. 

38. The stent of claim 36, wherein the radiopaque marker is 
radiolucent. 

39. The stent of claim 36, wherein the radiopaque marker is 
a tantalum coating. 

40. A stent having distal and proximal ends, defining a 
central lumen along a longitudinal axis, the Stent having an 
insertion configuration with a reduced profile and a deployed 
configuration with an enlarged profile greater than the 
reduced profile, the stent comprising 
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a plurality of spaced apart, undulating circumferential 
members having one undulating helical turn and one or 
more undulating circumferential rings that define a 
closed cell structure, and 

a helical element extending along the longitudinal axis 
axially interposed between the undulating circumferen 
tial members having a plurality of helical turns that 
define an open cell structure; 

wherein the undulating helical turn of the circumferential 
member is directly connected to the helical body and 
together the helical turn of the circumferential member 
and the helical body define a uniform apex geometry. 

41. An endovascular prosthesis with a stent, the prosthesis 
comprising: 

a lattice defining a plurality of openings, the lattice com 
prising (i) at least two continuous longitudinal segments, 
and (ii) at least two continuous circumferential seg 
ments, 

wherein the longitudinal segments are substantially paral 
lel to a longitudinal axis of the prosthesis, and 

wherein the circumferential segments are oriented at an 
angle of between about 45 degrees and about 90 degrees 
with respect to the longitudinal axis. 

42. The endovascular prosthesis of claim 41, wherein the 
openings are Square. 

43. The endovascular prosthesis of claim 41, wherein the 
lattice is a unitary structure. 

44. The endovascular prosthesis of claim 41, wherein the 
openings are parallelograms. 

45. The endovascular prosthesis of claim 41, wherein the 
openings have a nominal diameter between about 40 um and 
about 1000 um as measured by the largest inscribed circle. 

46. The endovascular prosthesis of claim 41, wherein the 
size and shape of the openings are Substantially uniform 
throughout the lattice. 

47. The endovascular prosthesis of claim 41, wherein the 
size and shape of the openings vary throughout the lattice. 

48. The endovascular prosthesis of claim 41, wherein the 
openings in the lattice are arranged in a pattern. 

49. The endovascular prosthesis of claim 48, wherein the 
pattern is a spiral along the longitudinal axis. 

50. The endovascular prosthesis of claim 48, wherein the 
pattern has a large oval opening adapted to allow for side 
branch perfusion. 

51. The endovascular prosthesis of claim 41, wherein the 
lattice defines a first arc that has the plurality of openings 
along the entire length of the lattice and the lattice defines a 
second arc opposite of the first arc that is substantially without 
openings. 

52. The endovascular prosthesis of claim 41, wherein the 
openings comprise at least two sets of openings, each set 
having a predetermined size and shape. 

53. The endovascular prosthesis of claim 52, wherein the 
lattice has three sets of openings, and each set of openings is 
located within a region of the prosthesis. 

54. The endovascular prosthesis of claim 53, wherein a 
proximal set of openings spans about one-third of the pros 
thesis at its proximal end, and the openings of the proximal set 
have a nominal diameter of about 300 um as measured by the 
largest inscribed circle. 

55. The endovascular prosthesis of claim 54, wherein the 
openings in the proximal group are diamonds. 

56. The endovascular prosthesis of claim 54, wherein a 
distal set of openings spans about one-third of the prosthesis 
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at its distal end, and the openings of the distal set have a 
nominal diameter of about 500 um as measured by the largest 
inscribed circle. 

57. The endovascular prosthesis of claim 56, wherein the 
openings in the distal group are diamonds. 

58. The endovascular prosthesis of claim 56, wherein a 
central set of openings spans about one-third of the prosthesis 
between the proximal and distal ends, and the openings of the 
central set have a nominal diameter of about 100 um as 
measured by the largest inscribed circle. 

59. The endovascular prosthesis of claim 58, wherein the 
openings in the central proximal group are squares. 

60. The endovascular prosthesis of claim 41, wherein the 
lattice comprises a perfusion region within which the open 
ings are provided and an excluding region devoid of open 
ings, and the prosthesis is configured to allow orientation of 
the perfusion region to be determined endovascularly. 

61. The endovascular prosthesis of claim 60, further com 
prising a radiopaque material incorporated within the lattice 
to aid in fluoroscopic visualization. 

62. The endovascular prosthesis of claim 61, wherein the 
radiopaque material is gold or tantalum. 

63. The endovascular prosthesis of claim 41, further com 
prising one or more pharmacokinetic agents associated with 
the lattice. 

64. The endovascular prosthesis of claim 63, wherein the 
pharmacokinetic agent comprises a heparin coating applied 
to the lattice. 

65. The endovascular prosthesis of claim 41, wherein the 
stent is balloon expandable. 

66. The endovascular prosthesis of claim 41, wherein the 
stent is self expanding. 

67. The endovascular prosthesis of claim 41 having an 
insertion configuration with a reduced profile, and a deployed 
configuration with an enlarged profile greater than the inser 
tion profile, wherein the lattice is affixed to the stent so that a 
lengths of the longitudinal segments remains Substantially 
constant between an insertion configuration and a deployed 
configuration. 

68. The endovascular prosthesis of claim 41, wherein at 
least a portion of the longitudinal segments is aligned with 
longitudinal connectors of the stent. 

69. The endovascular prosthesis of claim 68, wherein at 
least a portion of the longitudinal segments is joined to lon 
gitudinal connectors of the stent. 

70. The endovascular prosthesis of claim 41, wherein the 
lattice is distensible. 

71. The endovascular prosthesis of claim 41, wherein the 
lattice is polymeric. 

72. The endovascular prosthesis of claim 71, wherein the 
lattice is a fluoropolymer. 

73. The endovascular prosthesis of claim 72, wherein the 
lattice is made from polytetrafluoroethylene. 

74. The endovascular prosthesis of claim 73, wherein the 
lattice is distensible. 

75. An endovascular prosthesis having a lumen defining a 
longitudinal axis, the prosthesis comprising: 

a stent having a framework of struts including a plurality of 
longitudinal connectors; and 

a polymeric lattice defining a plurality of openings, the 
lattice having a plurality of continuous longitudinal seg 
ments Substantially parallel to the longitudinal axis of 
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the stent, and a plurality of continuous circumferential 
segments at an angle with respect to the longitudinal axis 
of the stent. 

76. The endovascular prosthesis of claim 75, wherein at 
least a portion of the longitudinal segments are aligned with 
and affixed to the longitudinal connectors of the stent. 

77. The endovascular prosthesis of claim 75, wherein the 
circumferential segments are oriented at an angle of between 
about 45 degrees and about 90 degrees with respect to the 
longitudinal axis. 

78. The endovascular prosthesis of claim 75, wherein the 
openings are Squares. 

79. The endovascular prosthesis of claim 75, wherein the 
openings are parallelograms. 

80. The endovascular prosthesis of claim 75, wherein the 
lattice is polymeric. 

81. The endovascular prosthesis of claim 79, wherein the 
lattice comprises a fluoropolymer. 

82. The endovascular prosthesis of claim 81, wherein the 
lattice comprises a polytetrafluoroethylene (PTFE). 

83. The endovascular prosthesis of claim 75, further com 
prising a heparin coating applied to the lattice. 

84. The endovascular prosthesis of claim 75, wherein the 
stent is balloon expandable. 

85. The endovascular prosthesis of claim 75, wherein the 
stent is self expanding. 

86. The endovascular prosthesis of claim 75 having an 
insertion configuration with a reduced profile, and a deployed 
configuration with an enlarged profile greater than the inser 
tion profile, wherein the lattice is affixed to the stent so that a 
lengths of the longitudinal segments remains Substantially 
constant between an insertion configuration and a deployed 
configuration. 

87. The endovascular prosthesis of claim 86, wherein at 
least a portion of the longitudinal segments is aligned with 
longitudinal connectors of the stent. 

88. The endovascular prosthesis of claim 87, wherein at 
least a portion of the longitudinal segments is joined to lon 
gitudinal connectors of the stent. 

89. The endovascular prosthesis of claim 75, wherein the 
stent comprises a plurality of ring stents, and wherein the 
lattice is joined to all of the ring stents. 

90. The endovascular prosthesis of claim 75, wherein the 
lattice is a unitary structure. 

91. A method of treating stenosis in a carotid artery of a 
patient, the method comprising 

providing a stent having an insertion configuration with a 
reduced profile and a deployed configuration with an 
enlarged profile greater than the insertion profile, the 
stent comprising a plurality of spaced apart, undulating 
circumferential members, and an undulating helical ele 
ment extending helically about the longitudinal axis, 
axially interposed between and directly connected to the 
circumferential members, wherein the undulating heli 
cal element defines a plurality of open cells, and the 
circumferential member defines a plurality of closed 
cells; 

inserting the stent into the vasculature of the patient; and 
positioning and deploying the stent within the carotid 

artery. 
92. The method of treating carotid stenosis of claim 91, 

further comprising providing a covering on the stent. 
93. The method of treating carotid stenosis of claim 92, 

wherein the covering is a lattice that defines a plurality of 
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openings, and the stent and lattice are configured and posi 
tioned after deployment so that the stent provides scaffolding 
necessary to hold the artery open and ensure adequate blood 
flow and lattice in combination with the stent provides plaque 
stabilization. 

94. The method of treating carotid stenosis of claim 93. 
wherein the openings of the lattice are configured and posi 
tioned to allow for side branch perfusion. 

95. The method of treating carotid stenosis of claim 94, 
further comprising configuring the lattice to provide a perfu 
sion region with the openings and an excluding region Sub 
stantially without the openings, determining the orientation 
of the perfusion region endovascularly, and positioning the 
perfusion region to allow side branch perfusion. 

96. The method of treating carotid stenosis of claim 93. 
further comprising, after deployment of the stent within the 
patient, endovascularly modifying the size and shape of at 
least one opening of the lattice with a balloon catheter. 

97. The stent of claim 1, where in the helical element 
comprises about one helical turn or a portion of a helical turn. 

98. The stent of claim 1, wherein the helical element com 
prises less than one helical turn. 

99. A stent comprising: 
a body having distal and proximal ends and defining a 

central lumen along a longitudinal axis, the body having 
an insertion configuration with a reduced profile and a 
deployed configuration with an enlarged profile greater 
than the insertion profile, the body comprising 

at least one undulating circumferential member, and 
an undulating helical element extending helically about the 

longitudinal axis, and connected to the circumferential 
member, wherein the undulating helical element defines 
a plurality of open cells and has about one helical turn or 
a portion of a helical turn, and the circumferential mem 
ber defines a plurality of closed cells. 

100. The stent of claim 99, wherein the undulating circum 
ferential member comprises one undulating helical turn con 
nected with an undulating circumferential ring. 

101. The stent of claim 100, wherein the undulating helical 
turn of the circumferential member is directly connected to 
the about one helical turn or the portion of the helical turn of 
the helical element. 

102. The stent of claim 100, wherein the circumferential 
member comprises a plurality of closed cell connectors 
extending Substantially parallel to the longitudinal axis that 
form connections between internal apices of the undulating 
helical turn and an adjacent undulating circumferential ring in 
the circumferential member. 

103. The stent of claim 102, wherein lengths of the closed 
cell connectors vary. 

104. The stent of claim 103, wherein lengths of the closed 
cell connectors uniformly increase along a circumferential 
direction of stent. 

105. The stent of claim 104, wherein circumferential rings 
at the distal and proximal ends of the stent define planes 
orthogonal to the longitudinal axis. 

106. The stent of claim 102, wherein the closed cell con 
nector having the shortest length has a variable width that 
defines a notch. 

107. The stent of claim 102, wherein undulations of the 
circumferential members have peaks with a connector 
extending outwardly from the apex and have valleys with a 
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connector extending into an apex, and wherein each of the 
closed cell connectors comprises a strut extending from a 
peak to a peak. 

108. The stent of claim 102, wherein the closed cells are 
defined by the closed cell connectors extending between 
internal apices within the undulating circumferential mem 
ber. 

109. The stent of claim 108, wherein at least two of the 
closed cells have irregular hexagonal shapes. 

110. The stent of claim 108, wherein at least one of the 
closed cells has a Substantially rhombic shape. 

111. The stent of claim 108, wherein the closed cells are 
defined by having six sides or less and open cells are defined 
by having more than six sides. 

112. The stent of claim 99, wherein a first group of the 
closed cells is Substantially disposed around a circumference 
at the distal end of the Stent, and a second group of the closed 
cells is Substantially disposed around a circumference at the 
proximal end of the stent. 

113. The stent of claim 100, wherein the undulated helical 
turn of circumferential member has constant amplitude. 

114. The stent of claim 100, wherein the undulated helical 
turn and the circumferential ring of circumferential member 
have Substantially uniform apex geometry. 

115. The stent of claim 99, wherein the circumferential 
members comprise a plurality of variable width struts. 

116. The stent of claim 99, wherein a number of apices in 
the circumferential members is equal to the number of apices 
in the helical element. 

117. The stent of claim 116, wherein apices of the circum 
ferential members are out of phase with apices of the helical 
element by about a half of wave period. 

118. The stent of claim 99, wherein at least one of the 
circumferential members is flared such that a diameter at an 
end of the stent is greater than a diameter defined at the direct 
connection of the circumferential member and the helical 
element. 

119. The stent of claim 118, wherein two or more circum 
ferential members are flared. 

120. The stent of claim 99, wherein the stent body com 
prises connections between external apices of the helical 
element and the external apices of the circumferential mem 
ber. 

121. The stent of claim 99, wherein the open cells are 
defined by periodically spaced connections between the adja 
cent turn orportion of turn of the helical element and between 
the helical turn of the undulating circumferential member or 
the about one helical turn or portion of the helical turn of the 
helical element. 

122. The stent of claim 121, wherein the periodic connec 
tions are defined by a plurality of axial connectors extending 
Substantially parallel to the longitudinal axis. 

123. The stent of claim 122, wherein lengths and widths of 
the axial connectors are Substantially uniform. 

124. The stent of claim 122, wherein undulations of the 
helical element have peaks where the axial connector extends 
from the apex and have valleys where the axial connector 
extends into the apex, and wherein each of the axial connec 
tors comprises a strut extending from a peak to a valley or a 
Valley to a peak. 

125. The stent of claim 99, wherein the body in the 
deployed configuration has a diameter of d1 and the body in 
the insertion configuration has a diameter of d2, where the 
ratio of d1:d2 is greater than about 2:1. 
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126. The stent of claim 99 further comprises a covering. 
127. The stent of claim 126, wherein the covering is 

ePTFE. 
128. The stent of claim 126, wherein the covering is poly 

ester. 

129. The stent of claim 126, wherein the covering is ePTFE 
lattice. 

130. The stent of claim 99, further comprising a bioactive 
coating provided on at least a portion of the stent. 

131. The stent of claim 130, whether the coating is heparin. 
132. The stent of claim 99, wherein the stent comprises a 

shape-memory alloy. 
133. The stent of claim 132, wherein the shape-memory 

alloy is nitinol. 
134. The stent of claim 99, further comprises a radiopaque 

marker attached to the stent. 
135. A stent having distal and proximal ends, defining a 

central lumen along a longitudinal axis, the Stent having an 
insertion configuration with a reduced profile and a deployed 
configuration with an enlarged profile greater than the 
reduced profile, the stent comprising: a plurality of spaced 
apart, undulating circumferential members having one undu 
lating helical turnandone or more undulating circumferential 
rings that define a closed cell structure, and a helical element 
extending along the longitudinal axis axially interposed 
between the undulating circumferential members and having 
one helical turn or a portion of a helical turn that define an 
open cell structure; wherein the undulating helical turn of the 
circumferential member is directly connected to the helical 
body and together the helical turn of the circumferential 
member and the helical body define a uniform apex geometry. 

136. A method of treating Stenosis in an intracranial artery 
of a patient, the method comprising: 

providing a stent having an insertion configuration with a 
reduced profile and a deployed configuration with an 
enlarged profile greater than the insertion profile, 

the stent comprising a plurality of spaced apart, undulating 
circumferential members, and an undulating helical ele 
ment extending helically about the longitudinal axis, 
axially interposed between and directly connected to the 
circumferential members, wherein the undulating heli 
cal element defines a plurality of open cells and has one 
helical turn or less than one helical turn, and the circum 
ferential member defines a plurality of closed cells; 

inserting the Stent into a vasculature of the patient; and 
positioning and deploying the stent within the intracranial 

artery. 
137. The method of treating carotid stenosis of claim 136, 

further comprising providing a covering on the stent. 
138. The method of treating carotid stenosis of claim 137, 

wherein the covering is a lattice that defines a plurality of 
openings, and the stent and lattice are configured and posi 
tioned after deployment so that the stent provides scaffolding 
necessary to hold the artery open and ensure adequate blood 
flow and lattice in combination with the stent provides plaque 
stabilization. 

139. The method of treating carotid stenosis of claim 138, 
wherein the openings of the lattice are configured and posi 
tioned to allow for side branch perfusion. 

140. The method of treating carotid stenosis of claim 138, 
further comprising configuring the lattice to provide a perfu 
sion region with the openings and an excluding region Sub 
stantially without the openings, determining the orientation 
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of the perfusion region endovascularly, and positioning the 
perfusion region to allow side branch perfusion. 

141. The method of treating carotid stenosis of claim 138, 
further comprising, after deployment of the stent within the 
patient, endovascularly modifying the size and shape of at 
least one opening of the lattice with a balloon catheter. 

142. A delivery system adapted for access from the radial, 
brachial and cervical arteries to the carotid or intracranial 
arteries, comprising: a handle housing having a mechanism 
for deployment of a stent and a mechanism for retraction of a 
sheath covering a stent and said handle housing having a 
proximal end and a distal end, a catheter shaft having a proxi 
mal end and a distal end and said catheter shaft is attached to 
the distal end of the handle housing, a stent removably 
mounted on the distal end of the catheter shaft, and a retract 
able sheath covering said stent; wherein the length from the 
proximal end of the handle housing to the distal end of the 
catheter shaft is no greater than from about 10 cm to about 80 
C. 

143. The stent of claim 1, further comprising two or more 
coverings. 

144. The stent of claim 103, wherein the coverings are 
lattice coverings. 

145. The stent of claim 104, wherein the lattice has open 
ings configured by offset layering of the lattice coverings. 
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146. The stent of claim 28, wherein the covering is a dis 
tensible lattice. 

147. The stent of claim 28, wherein the covering is a 
stretchable lattice. 

148. A method of treating an aneurysm in intracranial 
artery of a patient, the method comprising 

providing a stent having an insertion configuration with a 
reduced profile and a deployed configuration with an 
enlarged profile greater than the insertion profile, the 
stent comprising a plurality of spaced apart, undulating 
circumferential members, and an undulating helical ele 
ment extending helically about the longitudinal axis, 
axially interposed between and directly connected to the 
circumferential members, wherein the undulating heli 
cal element defines a plurality of open cells and has one 
or a portion of one helical turn, and the circumferential 
member defines a plurality of closed cells; 

and the stent provided with an ePTFE lattice covering 
imbibed with calcium, inserting the stent into a vascu 
lature of the patient; and 

positioning and deploying the stent within the intracranial 
artery over the neck of the aneurysm. 

149. The method according to claim 108, further compris 
ing: introducing alginate through the lattice of the Stent and 
into the aneurysm. 


